Objective: To evaluate the habitual salt intake of individuals living in the Co Ãte d'Ivoire, and to monitor the iodine nutrition of adults, schoolchildren and pregnant women one year after implementation of a universal salt iodisation programme. Design: A three day weighed food records with estimation of food intake from a shared bowl based on changes on body weight, determination of sodium and iodine concentrations in 24 h (24 h) urine samples from adults, and determination of urinary iodine in spot urines from schoolchildren and pregnant women. Setting: A large coastal city (Abidjan) and a cluster of inland villages in the northern savannah region of the Co Ãte d'Ivoire. Subjects: For the food records: 188 subjects (children and adults) in the northern villages; for the 24 h urine collections: 52 adults in Abidjan and 51 adults in the northern villages; for the spot urine collections: 110 children and 72 pregnant women in Abidjan and 104 children and 66 pregnant women in the north. Main results: From the food survey data in the north, the total mean salt intake (s.d.) of all age groups and the adults was estimated to be 5.7 gad ( AE 3.0), and 6.8 gad ( AE 3.2), respectively. In the 24 h urine samples from adults, the mean sodium excretion was 2.9 gad (AE 1.9) in the north and 3.0 gad (AE 1.3) in Abidjan, corresponding to an intake of 7.3 ± 7.5 gad of sodium chloride. In the north the median 24 h urinary iodine excretion in adults was 163 mgad, and the median urinary iodine in spot urines from children and pregnant women was 263 mgal and 133 mgal, respectively. In contrast, in Abidjan the median 24 h urinary iodine was 442 mgad, with 40% of the subjects excreting b 500 mgad, and the median urinary iodine in spot urines from children and pregnant women was 488 mgal and 364 mgal, respectively. Nearly half of the children in Abidjan and 32% of the pregnant women were excreting b 500 mgal. Conclusion: Based on the estimates of salt intake in this study, an optimal iodine level for salt (at the point of consumption) would be 30 ppm. Therefore the current goals for the iodised salt programme Ð 30 ± 50 ppm iodine Ð appear to be appropriate. However, in adults, children and pregnant women from Abidjan, high urinary iodine levels Ð levels potentially associated with increased risk of iodine-induced hyperthyroidism Ð are common. These results suggest an urgent need for improved monitoring and surveillance of the current salt iodisation programme in the Co Ãte d'Ivoire.
Introduction
Iodine de®ciency is one of the world's most prevalent nutritional de®ciencies, with an estimated 1.5 billion people at risk (WHO, 1994) . Iodine de®ciency produces a spectrum of disorders Ð endemic goitre, hypothyroidism, cretinism, and congenital anomalies Ð that are termed the iodine de®ciency disorders (IDD). There is a huge endemia of IDD in western and central Africa where it is estimated 250 million people are at risk for IDD, 50 million have goitre and close to a million suffer from cretinism (Bailey & Clugstone, 1990) . In light of the known effects of iodine de®ciency on fetal brain development and on the general health of children and adults, elimination of IDD becomes a health priority of immense importance, not only for the quality of life of individuals but also for the development of countries (ICCIDD, 1997b) . In the Co Ãte d'Ivoire, a 1982 study found a goitre prevalence of 54.4% in the northwestern region, with up to 80% of women affected with goitre (Latapie et al, 1981) . Other areas where endemic goitre has been documented in the Co Ãte d'Ivoire are the regions of Odienne Â, where 44% of the population suffer from goitre and Danane Â, where 33.5% of the population are goitrous (Anonymous, 1996) . In an effort to combat IDD in the Co Ãte d'Ivoire, the government began a universal salt iodisation programme in late 1996, at a level of 30 ± 50 ppm.
In order to determine the appropriate level of iodine to be added to salt in a salt iodisation programme, an estimation of the habitual salt consumption in the population is essential. However, previous surveys of salt consumption in the Co Ãte d'Ivoire have been cursory and limited to a small geographic area (Meftah, 1994; FAO, 1994) .
To monitor the effectiveness of a salt iodisation programme, periodic surveillance of urinary iodine excretion among the targeted population is important. When beginning salt iodisation, particularly in areas where severe iodine de®ciency has been a long-term problem, iodine levels in salt should be set at the lowest level that will prevent the iodine de®ciency disorders while minimising the risks of iodine-induced hyperthyroidism (ICCIDD, 1997a) . The programme should be monitored and iodine levels in salt adjusted periodically to ensure a median urinary iodine excretion of 100 ± 200 mgal (ICCIDD, 1997a) .
Therefore, the aims of this present study were: (1) to evaluate the salt intake using two methods (3 d weighed food records, 24 h urine collections) in two distinct areas of the Co Ãte d'Ivoire: a large coastal city and three small, rural, inland villages; and (2) to assess the iodine nutrition in these areas using 24 h and spot urines 1 y after implementation of the iodised salt programme.
Subjects and methods

Subjects
Ethical approval for the study was obtained from the Ministry of Health of the Co Ãte d'Ivoire and was done in collaboration with the National Institute of Public Health in Abidjan. In Abidjan, informed consent was obtained from each participant. In the northern villages, informed consent was obtained from the village elders and from the head of the families who participated in this study. In the north the study took place in three rural, inland villages (Koro, N'de Âou and Maranama) in the northcentral savannah region of the Co Ãte d'Ivoire. The villages are 20 ± 60 km apart and are ethnically similar (Djoula and Senoufo ethnic groups). Each village contained approximately 3000 inhabitants. The staple foods of the region are maise, rice and yam.
Three day weighed food records Salt consumption was evaluated using two methods. Firstly, 3 d weighed food records were done in 30 families in the northern villages. The families were chosen by the investigators as representative of the village populations. Each household was observed for a period of three consecutive days, which included both weekdays and weekend days. In total, 40 children aged 2 ± 6 y (mean 4.0 y), 44 children aged 7 ± 12 y (mean 8.9 y), 54 adolescent and adult females (mean age 29.7 y) and 50 adolescent and adult males (mean age 38.0 y) participated in the study. During the observation period all the food eaten by the family was weighed by the investigators using a KERN 440-53 scale (Kern & Sonh GmbH, D-72458, Albstadt, Germany) accurate to AE 1 g. During preparation of the meal the salt added was directly weighed before it was put into the cooking pot. Meals typically consisted of a cooked staple and a sauce. When the meal was ready the total of the cooked staple and sauce was weighed. All the bowls were distinguished by sise and color to facilitate the identi®cation after the meal. After the meal, the food that remained uneaten was weighed. Since several people ate from a shared bowl, the body weight of each was measured before and after the meal using a KERN UB150K50M scale (Kern & Sohn GmbH, D-72458, Albstadt, Germany) accurate to AE 50 g. Subjects absent during the day they were asked about the food and amounts eaten outside the house. If they could not provide suf®cient information they were excluded from the study.
For each subject of a group eating out of a shared bowl the percentage of the meal eaten was based on the change in body weight before and after the meal. The weight of water drunk at a meal was subtracted from the difference of the body weight. The amount of sauce or any salted food eaten by the group was then divided among the subjects based on their increase in body weight. The assumption was made that the food portion of each subject contained the same share of sauce. Taking into account the salt added before cooking and the weight of the total of the cooked sauce, the quantity eaten was then used to calculate the salt consumption of each person. The daily salt intake was then calculated by adding the amount of salt consumed at each meal during the day. Not included in this calculation was the daily consumption of Maggi 1 cubes (Nestle Â SA, Vevey, Switzerland) and similar products. Maggi 1 cubes were commonly used as¯avoring in sauces. They contain 40% salt [Meftah, 1994] and their contribution to salt intake was calculated separately. The salt used for the production of these cubes contains 60 ± 75 mg iodineakg salt (ppm) (Personal communication, Nestle Â, Abidjan).
Twenty-four urine collections
The second method used to evaluate salt consumption was determination of sodium excretion in 24 h urine collections of adults in the northern villages and in Abidjan. In the north, 24 h collections were obtained from 28 men and 23 women (mean age of 29.0 y), and repeat collections were obtained in 25 of these men and 17 women. In Abidjan, 30 men and 22 women (mean age of 30.6 y) collected 24 h urines. In 22 of these men and 18 of the women, repeat collections were obtained. To try to ensure complete collections, the importance of collecting all urine during the 24 h was strongly emphasised to each subject. After the 24 h period, subjects were asked if they collected all of their urine; if they said yes and the volume of the collected urine appeared adequate, it was assumed that the collection was complete.
Urinary iodine
To evaluate iodine nutrition, the urinary iodine excretion was measured in the 24 h collections in the adults from Abidjan and the north. In addition, in both Abidjan and the northern villages, spot urine samples from schoolchildren and pregnant women were collected. To obtain samples from schoolchildren, the director of each school was asked to participate in the study. With his permission, the teachers of each class selected at random a given number of girls and boys aged 6 ± 15 y for this study. In Abidjan, spot urines of 110 children (mean age 10.0 y) were collected, while in the villages 104 samples were obtained (mean age 9.3 y). In Abidjan, mid-morning spot urines were collected from 72 pregnant women (mean age 25.9 y) attending a prenatal care clinic at the National Institute of Public Health. In the north, all the pregnant women in each village (total n 66, mean age 23.0 y) were asked to meet on a single morning for the sample collection.
Biochemical analyses
All urine samples were aliquoted and stored at 7 20 C until analysis in Switzerland. Urinary sodium was measured using atomic absorption spectrometry (SpectrAA, An evaluation of salt intake and iodine nutrition SY Hess et al Varian Tectron, Pty Limited, Mulgrave, Victoria, Australia). Urinary iodine concentration was measured using a modi®cation of the Sandell ± Kolthoff reaction as described by Pino et al (1996) with ammonium persulfate as the oxidising reagent. An aliquot of 250 ml urine was digested in 1 ml ammonium persulfate (1 molal) at 95 C for 60 min. Iodine was then measured using the Sandell ± Kolthoff reaction (Sandell & Kolthoff, 1937) , the reduction of cerate ion by arsenious acid and the measurement of extinction at 405 nm. Two pooled standard urines analysed 29 times gave mean concentrations ( AE s.d.) of 4.7 AE 0.6 mgadl and 7.9 AE 0.8 mgadl (CV, 10.3 and 12.7%).
Statistical analyses
Statistical analyses were done using SAS 6.12 (SAS Institute Inc., Cary, NC, USA). Urinary sodium levels were normally distributed and were compared by a Student's ttest. Urinary iodine concentrations were not normally distributed and were compared by Mann ± Whitney tests. All statistical tests were two-sided. A Spearman rank correlation was used to measure the association between urinary iodine and sodium excretion values. The sodium and iodine values used for the correlation were the means of the repeat 24 h collection in each individual. The correlations omitted those subjects for whom single 24 h collections were obtained. The tables and ®gures show either means and s.d. (sodium) or medians and ranges (iodine). Table 1 shows the estimated total daily salt intake using weighed food records on three successive days in the different age groups in the northern villages. The total mean salt intake (s.d.) of all age groups and the adults was estimated to be 5.7 gad ( AE 3.0), and 6.8 gad ( AE 3.2), respectively. Daily salt intake was signi®cantly greater in adults than in children (P`0.01). There were no signi®cant differences in total daily salt intake among the three villages or between the sexes.
Results
In Abidjan 30 men and 22 women (mean age 30.6 y) completed 24 h urine collections. Out of these 52 subjects, 40 completed a second collection on a subsequent day. In the northern villages, 28 men and 23 women (mean age 29.0 y) collected 24 h urines; 42 repeated the collection. The mean daily excretion was 2.9 g ( AE 1.9) sodium in the north and 3.0 g ( AE 1.3) in Abidjan (equivalent to 7.3 ± 7.5 g sodium chloride). No signi®cant differences in daily sodium excretion were found when adults in Abidjan were compared to adults in the north. Also, there were no signi®cant gender differences or differences between the three villages.
The same 24 h urine samples were analysed for iodine content. Table 2 shows the concentrations of urinary iodine in 24 h urines from Ivorian adults, and in spot urines from schoolchildren and pregnant women by geographic area. Figure 1 shows the distribution of the daily iodine excretion in the 24 h urine collections by geographic area. The median urinary iodine in Abidjan was 443 mgad (range 80 ± 1152 mgad) and 42% of all subjects had an iodine excretion above 500 mgad. In contrast, in the north the median urinary iodine excretion was 166 mgad (range 21 ± 442 mgad) and 47.1% of the subjects had a urinary iodine excretion of less than 150 mgad. The daily excretion of iodine was signi®cantly higher in Abidjan than in the northern villages (P`0.001). Figure 2 shows the correlation between urinary sodium and urinary iodine concentrations in 24 h urines from adults in Abidjan and the north. Urinary sodium and iodine excretions were strongly correlated in Abidjan (r 2 0.79). In the northern villages, the correlation was weak (r 2 0.28).
In the spot urines obtained from children aged 6 ± 15 y in Abidjan and the northern villages, the median urinary iodine was 488 mgal (range 76 ± 1778 mgal) and 263 mgal (range 18 ± 1510 mgal), respectively. Urinary iodine concentrations were signi®cantly higher in Abidjan, compared to the northern villages (P`0.001). In 47% of the children in Abidjan, concentrations of urinary iodine were b 500 mgal. in the northern villages, 15.4% had a urinary iodine level`50 mgal. Figure 3 shows the distribution of urinary iodine in spot urines from children in Abidjan and the north.
Among the pregnant women, the median concentration of urinary iodine in spot urines in Abidjan and the north was 351 mgal (range 74 ± 2241 mgal) and 136 mgal (range 12 ± 915 mgal), respectively. Urinary concentrations were signi®cantly higher in Abidjan, compared to the northern villages (P`0.001). Among pregnant women in Abidjan, 32% had an urinary iodine level b 500 mgal. In 16.7% of the pregnant women in the north, concentrations of urinary iodine were`50 mgal. Figure 4 shows the distribution of Table 1 Total daily salt intake estimated using weighed food records in subjects (n 188) in three northern villages of the Co Ãte d'Ivoire, by age and sex
Subjects
Mean (gad) s.d.
Children 2 ± 7 y (n 40) 3.4 ( AE 1.7) Children 7 ± 12 y (n 44) 5.4 ( AE 1.9) Men (n 50) 5.6 ( AE 2.8) Women (n 54) 7.6 ( AE 3.4) An evaluation of salt intake and iodine nutrition SY Hess et al urinary iodine in spot urines from pregnant women in the two regions. Salt samples were obtained from salt merchants in the north, in the markets of Abidjan and directly from 3 out of 4 producers in Abidjan (n 13). The salt in the north was coarse and large-grained and the median iodine content was 17.4 ppm (range 0 ± 48.5). The salt bought in markets in Abidjan was ®ne powdered and contained a median iodine concentration of 33.2 ppm (range 12.9 ± 92.9). At the production centres the iodine content ranged from 15.5 ± 267.4 ppm with a median of 25.8.
Discussion
In the northern villages we used weighed food records to estimate habitual salt intake. This technique was chosen because direct methods are required to collect information on food consumption in largely nonliterate rural communities where residents depend mostly on their own production for food (Kigutha, 1997) . To study such groups, dietary assessment teams must visit each household and record consumption by weighing the quantities of all foods prepared and eaten during a speci®c period. Although this method was appropriate for the study population and well accepted, it has several potential disadvantages. Because it is laborious and time intensive, participants must be willing volunteers which may bias selection (Pekkarinen, 1970) . However, in this study all families asked to participate readily accepted. This is likely due to the authority of the chief, who gave his consent to the study and whose judgement is highly respected. Another potential source of error is preparation of special meals andaor amounts of food to impress the observers. Although it is possible that the amount of food prepared was increased in order to demonstrate wealth or af¯uence, given the sharply limited resources and lack of diversity of food in this community, it is unlikely that the meals varied from the usual pattern.
It is likely that some subjects ate away from home without reporting. However, this is unlikely to have signi®cantly increased salt intake, as the primary sources of salt are the different sauces eaten with the main family meal, and the usual snack foods, such as fruits or nuts have little or no added salt. If subjects stayed away from a main meal they were interviewed on their return about the food and amounts eaten outside the home. Subjects from whom it was not possible to get supplementary information were excluded from the study (`3% of subjects). Although it was assumed that each individual ate the same share of sauce within the group, this is not necessarily true. An evaluation of salt intake and iodine nutrition SY Hess et al However, any error introduced this way was minimised in that the salt intake of the population group was examined, and not that of an individual. Despite these limitations, the weighed food records appeared to provide accurate data: the estimate of mean daily salt intake obtained from the food records in adults was 6.8 g, similar to the results from the 24 h sodium collections (see following discussion). The weighed food record method used in this study has been shown to compare favorably to estimates of food intake using repeated 24 h recalls in adults and children in Kenya (Kigutha, 1997) .
The standard method to estimate sodium intake is measurement of sodium excretion in a complete 24 h collection (Pietinen et al, 1976) . The accuracy of urinary sodium as an index of intake assumes that sweat losses of sodium are small (1 ± 2%) (Sanchez-Castillo et al, 1987) . One potential limitation of this method in hot, humid climates is that substantial losses of sodium in sweat could falsely lower estimates of salt intake. However, because the sodium intake data from the weighed food records was similar to the sodium data from the 24 h collections, it appears that in this study population losses of sodium in sweat were low. Previous studies have shown that one of the physiological adaptations to hot, humid conditions is lowered concentrations of sodium in sweat (Nielson, 1997) , and this mechanism may help explain why sweat sodium losses were minimal in this study.
Another potential problem in using 24 h collections is ensuring compliance. Because of technical and budgetary constraints no biochemical marker was used in this present study. Without using biomarkers, such as para-aminobenzoic acid, it is dif®cult to verify completeness of 24 h urine collections. We chose to rely on self reported criteria and careful interviews of the subjects. The subjects were chosen based on their expected reliability and the importance of a complete collection was emphasised. The subjects began collecting when the bottles were given to them; at the same time the next day the samples were picked up. Completeness was ascertained primarily by asking each subject about any missed specimens. Collections that were reported as incomplete were left out of the calculations. If the urinary volume was smaller than expected, the subjects were questioned carefully and thoroughly. If they insisted that the collection was complete, they were then trusted. Despite these precautions, the inability to rigorously determine the completeness of the collection remains a potential source of error.
The mean sodium excretion in 24 h urines from the northern villages and Abidjan was 2.9 gad and 3.0 gad, respectively, corresponding to a salt intake of 7.3 gad in the north and 7.5 gad in Abidjan. This compares favourably to the results of the food records, where the average total salt intake in adults in the north was 6.8 gad. Therefore the results of the two methods used to evaluate daily salt intake Ð weighed foods records vs sodium excretion Ð are similar, differing by only 0.5 g.
Compared to available data, this study provides a much more accurate estimate of salt intake in the Co Ãte d'Ivoire. Previous Ivorian surveys of salt consumption have been limited and had produced con¯icting results. In a survey published in 1994, the salt consumption in 11 families in the western Co Ãte d'Ivoire was estimated using a questionnaire to be 10 gadaperson (Meftah, 1994) . In contrast, limited household surveys in 1979 estimated the average daily salt consumption in the Co Ãte d'Ivoire to be only 2.1 g per person (FAO, 1994) . There are few published data on salt consumption patterns in other countries of West Africa. In a recent study of 26 subjects in Benin using lithiumlabelled salt, discretionary salt intake was 5.7 ± 9.0 gad (Melse-Boonstra et al, 1998) . Most estimates of per capita salt intake in this region are extrapolated indirectly from per annum salt disappearance data. For example, the salt iodisation programme in Nigeria is based on salt disappearance data, computed at 5 ± 7 gad per capita (Egbuta & Hettiaratchy, 1998) .
The ®ndings in this study are important in examining the Ivorian salt iodisation programme. Table 3 shows the expected iodine intake at the measured level of salt consumption in the four groups, assuming an iodine concentration of 20 or 50 ppm. The recommended requirements for iodine for the four groups cannot be met at a level of 20 ppm iodine in salt. On the other hand, the expected iodine intake at a level of 50 ppm would be quite high. A desirable iodine concentration in salt Ð based on the daily salt consumption levels found in this study Ð would be 30 ppm.
The 24 h urine collections were also analysed for iodine. The median iodine excretion in the north (166 mgad) was in line with the recommended level of iodine intake of 150 mg Iad (ICCIDD, 1997a) . In contrast, the urinary iodine concentrations in Abidjan were sharply higher: the median was 443 mgad and 40% of the population had levels b 500 mgad.
Sodium excretion was a good predicter of iodine excretion in Abidjan, but not in the north. The strong correlation (r 2 0.79) between sodium and iodine excretion found in Abidjan (Figure 2) suggests that the iodine intake there comes mainly from iodised salt. On the other hand the correlation between sodium and iodine excretion was weak in the north (r 2 0.28). This could be explained by losses of iodine during transportation andaor prolonged storage. Alternatively, the villagers may have been consuming noniodised salt from a source other than the of®cial salt supplier.
The concentration of iodine in spot urine samples is currently the most widely used biochemical marker for surveillance of iodine nutrition in populations (Dunn et al, 1993) . Because of their high vulnerability to IDD, schoolage children and pregnant women are important target groups for salt iodination programmes (WHO, 1998a) . Median urinary iodine levels from children and pregnant women in the north were 263 and 136 mgal, respectively, approximating WHO recommendations. However, the spot urinary iodines of schoolchildren and pregnant women in Abidjan supported the data from the 24 h collections in In warm moist climates, WHO currently recommends 30 and 60 mg iodineakg salt at daily salt consumptions of 10 and 5 gad, respectively (Mannar & Dunn, 1995 ).
An evaluation of salt intake and iodine nutrition SY Hess et al adults: dietary iodine supply in Abidjan is too high. Forty seven percent of the children in Abidjan and 56% of the pregnant women had urinary iodine concentrations b 500 mgal. High levels of iodine intake, particularly during the introduction of a salt iodisation programme, increase the risk of adverse effects. The most common serious complication observed in areas of endemic goitre during salt iodisation is a transient increase in iodine-induced hyperthyroidism (IIH) (Stanbury et al, 1998) . Introduction of iodised salt in Zimbabwe doubled the incidence of IIH during the ®rst 1 ± 2 y of the programme (Todd et al, 1995) . In a multicentre African study, inadequate monitoring of iodine intake and the salt industry was implicated in the increased incidence of IIH following salt iodisation (WHO, 1998b) . WHO has recently restated the need for careful monitoring of salt iodisation programmes (WHO, 1994) , and the present ®ndings in the Co Ãte d'Ivoire 1 y after introduction of salt iodisation emphasise the importance of these guidelines. Salt iodine levels should be set at the lowest level that will prevent IDD while minimising the risk of IIH, and adjusted to ensure a median urinary iodine of 100 ± 200 mgal in the targeted population.
Conclusions
In summary, the habitual salt consumption in the study population was estimated to be 6 ± 7 gad for adults, 5 gad for children aged 7 ± 12 y, and at 3 g for children aged 2 ± 6 y. At this level of salt intake, an optimal iodine level for salt (at the point of consumption) would be 30 ppm. The current iodised salt programme in the Co Ãte d'Ivoire is set up to provide salt with an iodine level of 30 ± 50 ppm. Therefore the current goals for the programme appear to be appropriate based on the habitual salt consumption data from this study. A good indicator of the success of an iodine forti®cation and supplementation programme is a median urinary iodine concentration of 100 mgal in a population, that is, 50% of the samples should be above 100 mgal, and not more than 20% of samples should be below 50 mgal (WHO, 1998a) . These criteria were met in all of the study populations in both Abidjan and the northern villages.
Of concern, however, are the very high urinary iodine levels in Abidjan Ð levels that may be associated with increased risk for iodine-induced hyperthyroidism. The strong correlation between iodine and sodium excretion in Abidjan suggests that iodine intake is mainly from iodised salt. Many of the salt samples obtained at the production centres in Abidjan contained levels of iodine well above target levels. Taken together, these data suggest that a reduction in the salt iodine level in Abidjan may be prudent and could provide cost-savings in purchasing potassium iodate (WHO, 1996) . However, iodine status in the northern villages is satisfactory at the current level of salt iodisation. If a downward adjustment in the salt iodine level is necessary to reduce iodine intake in Abidjan, the iodine status in the northern villages could be compromised. These data illustrate the practical dif®culties involved in a universal salt iodisation programme in a country like the Co Ãte d'Ivoire. Goitre is not a serious problem in coastal areas containing a high background level of naturally-occurring iodine, while the inland regions away from the coast are at high risk for IDD. Compounding this problem, the salt iodisation centres are on the coast, so that iodine losses during distribution tend to be lower on the coast, but greater to inland areas. One approach to this problem could be for the salt producers to iodise the salt that will be transported to the north at a higher level than that distributed in the coastal region. The ®ndings in this study reinforce a basic principle of salt iodisation programmes Ð they must be well monitored and carefully controlled to minimise the risk of both iodine-induced hyperthyroidism and to prevent iodine de®ciency.
